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(54) SEMICONDUCTOR ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the strain for 
increasing the photoelectric conversion efficiency, by providing 
a region mixed with fine crystal grains different particle 
diameter in a semiconductor element. 

SOLUTION: A reflection layer 110 made of metals such as Al, 
Cu, Ag2 etc., a reflection augmented layer 109 made of metallic 
oxides such as zinc oxide, indium oxide, tin oxide, etc., are 
formed on a conductive substrate made of metals such as 
stainless steel or an insulating substrate made of glass, etc. 
Next, i type semiconductor layer (a layer having a second 
electrical characteristics) 107, p type or n type semiconductor 
layer (a layer having a third electrical characteristics) 106 are 
formed on n type or p type semiconductor layer (a layer having 
a first electrical characteristics) 108 of a bottom 
photoelectromotive element 112. Next, an n type or p type 
semiconductor layer 105, an i type semiconductor layer 104 of 
a top photoelectromotive element 1 1 3 are deposited. Finally, a 
transparent electrode 102 such as ITO, etc., and a grid 
(collector electrode) 101 are deposited on a p type or n type 

semiconductor layer 1 03. Besides, the fine crystal is preferably in slender columnar shape in the 
charge shifting direction. 
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f;b<. 0. 1 e VfttTOfeO^fijSTfe^o it 
fitftfcbTlil 0 0OcmLXTtfff£b<. lQcmJU 
TfflHW*. «6lc* P B49fM&tfri9¥*ft 
B<0/iJPfc* 1— 5 0 nmWffSK, 3-10nm^i 

[0 0 6 2] XAMiOpS¥WMt^ttna 



(8) 
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[0063] ^mo^mi^m^c^x, \ m*m& 

£ (pWltClZZfrnmiC&Zfrl*, r-yl/Xf^ F^<D 

[006 4] «xnomi^«ra«Ai^ic«i 

**#U i BPWWMiOJI»#ftfc:/^> F** y ^ 
tt*&frlcKfl:U F*+ ?7omMt# i 
WlO**<DffiB<fc 0 p9¥«fMi2: I S!¥«f*/I<D« 

[006 5]**. l9¥VfMTO/tt/F?+y:/U:p 
9^fl*/l9¥Wf«k n^Wi/iWi# 
HO»»ffi^rlfij'Cj£< J: 5 (CRM"*- c fctfffS 

[0066] i m*m»m<o&mrj;mB&. x&ntim 

;K h y ://Mr/W Rtf i Wifti©/^ f** * r 

te**<tt*rr**^ 0. 7-3 0. Oftm^^i 

[0 0 6 7] *«^0¥®*5g^O*Wfl:^^*6 
m-tZftmtt&tVTte, R F^XvCVDi*. V 
HF^XvCVDS, ^^Dg^XvC VDStf 
*£tf£*l£ 0 R FRtfVHFOSSRfcLTtt. 1 MH 
z-v3 0 0MHz»$U^iWo RFOi^&ti 
13. 5 6MH zSe«<DH«[R* t «3S'e*0. VHFO 
1 0 5MH zifi«©JSttR#«aT***o v-Y* 
n&cDJ^&R^LTte. 0. 5GHz-10GHz» 

[0 0 6 8] W»c«B»->U 3>**Str*»*K:«*. 

[0 0 6 9] *fzm<D*m#m¥<D¥mftm<ommicm 

bfcKS^fXfcUTtt, 2/y=3>JK?«£4rr*;ff>lft: 
S#;MbL«»*{b^»fr^*#;*. «aw?*«w 

[0070] s(*w«rs/y3>jg?*dS"r*/fxfbu 

»S{b^»fcbTtt. SiHv S i,H«. S l.Ht. 
SiFi, S 1 HFi, Si HiF», S I H,F. S 1 Hi 



C K SIHiCU S i H C 1 »> S i C 1 4. S i D 
4, S i HDk S i S i H*D, S i D,F, S 

i D2F2, S i HDj, S XiHiD&Oi/vV&Qc&fa 

[0071] *ft. iumtty>i^^92uii?«fMrr 

5#X{tU#*<b&^£LTti:, GeH-, GeF-. G 
eHF 3 . GeHiF 2 , GeHaF, G e H C 1 3. Ge 
H2CI2, GeHiCL GeHD 5 , G e H2D2. Ge 
HaD, GeD4, GeiHe. G eiD««oy;WW)g{b 

[0 0 7 2] s MfmttiMii«T*Mrr«^ 

«) -ea^nsfc^*, C2H23£<qc„H2« (n«» 
a) -zmztizvc&m, cd*. c.h., co 2 , co? 

[0 0 7 3] ±ER»*Xtt, gfRK^fc^rr 

[0 0 7 4] JHW^tWrSjK^fcbTtt, N2, 
N Hsx N Dj x NO, N0 2> NiO*^f&n*o 

[0 0 7 5] ME*«frr««ftfcLTtt. °^ c 
O, CO2. NO. NO2, N2O. CH3CH2OH, C 

H,0H^*^fe»nso 

[0 0 7 6] »E^fX<bb»*fb***H^ H 

e, Ne. Ar, Xe, K r SO^fXT*Hi[*IRUT«l 

[0 0 7 7] *5gW<0lS^S¥»f*:M«:«l«[-rs 

v>t><DT^^o mc&x Lt^nwoiGHa 1 o«*^& 

[0 0 7 8] »JC, WS»¥W»^a-S i C : H^<D 

ikf&iSTsm-ZZ- 1 0 0e«cJHS#x*« 
RU IA«RFA7- VHF/^7- Xtev^* 

[0079] p 9*»»sx« n m¥mftm&mmtz 
¥mwm mmmm<omi i imm^xamvmw^ 

[0080] MI I I fllia^SiAJHOfb^ttfc urwa 
B2H6, B4Hto, BsHb, BaHiK BeHto. B 

.H12. B.H»m<D7km<t*vms bf.. bci#o 
**»3t»©an 1 i««w?«Afflfb^«fcbT, ai 
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CI,, G a C U I n C 1 ) x T 1 C 1 i«fe*tf«C 

[0081] mwmm^mxmoit^stLxmmcm 
mztiz&ot^Tte, mm?mxmti,T, ph3, 

P2H4m(07icmim. ph.k PF,, PFs. PC 
U PCU PBr», PBrs, P \M(D'^uY> 

mtt^Wt LT, A s Hj, A s F 3 , A s C 1 3, As 
Br>. AsFs, SbHj, SbF,, S b F 8> SbC 
1 s> SbCU, B i Hi, B i C 1 3. B i B r 3^*> 

[0 0 8 2] tuIER F^XTC VDSt¥^i^« 

s*r^«^ «a^rtos«?aa«. 100-350 

ftJEBi, 0. 1-lOTorr, RF^7-«, 
0. 0 1-5. 0W/cm\ mffi&&&, 0. 1-3 
OA/sec^l^U^nS. R 

f y^x^ c v Dj£T*4 £ *f*»*«i«fr«»&^ ^g*§ 

R F 7^7X7 C V Dji^® LT^So 
[0 0 8 3] Y-T^DS^XVCVDST^M 

mm-*m&, mmpvDm&is&& 100-400 

"C\ rtJBBiO. 5 — 3 OmT o r r. V-f^nK;^- 

Wo v^^ds^xyc vD&xtmituBzmm- 

^S^V^v^^dK77XtC V Dg^£ LTCi, 

[0084] *¥tmicmi,tcmsMi¥m&m*mm'?z> 

TcibomftM&ii 100-50 omSo mcmWM 

*mm^%h%<D**lsrt-ft<Dn&&£\sXlt 1 mT 
o r r - 1 T o r r tfjfR8&IBKi: ltW6tl§o 1$ 

^&#&fc:«:KagtelmTo r r— 1 OmTo r rtf 

[0 0 8 5] *«^OWBS^»«:®«:«IS-rsi&^0 
^^WxcD&A^y-J: LTteO. 0 1 — 1 OW/ 

So 

[0 0 8 6] *5£^Offl«eS¥Wft:©<DtSa(C 

Omm— 5 Ommi:t^CtAW*U^ 
[0 0 8 7] ±ifiLfc*«IWB«*ttfc:J:t)«l«LfcS/ 



ttlltt* JtSBKft*5 nm/s e ciX±K±tfT£><ffi1t 
V«B (e s r) tCcfc^7felS^<DlES« lOVcm 

[0088] &T$mmic&tr5^T*j&m*mmtcm 

[008 9] 

t&aam <mmm 1 >«oi«s-e«H 2 k^?- *t son 

*?**«r«IB*c«4. &Att**mi2i£<9&ffi£*- 

9¥««In l*»«ffcbfc 0 ^tVHFX7XYC 
VDttTl ^*«f*e i 1 * n £!¥*ttj| n 1 ±fc»« 

[0090] <it^ff9 1 >mmm 1 fc©jtiiwi©3fciB* 

[0 0 9 1] <3gttMi fctttMl £Oit&>c<D<fc5 

k isT&m. ufc^m^m^o^tt^w a c o m oho 

gOWXS- 1 3 0 S-2 0T*3fcSfcLTffifflLT»J 
^ Wffibfco 3HBOX^^ h/WiAM 1 . 5T*«3ftK 
tilsunt Lfco *<Dtt**Jt««l 1 * 1 £"rst0*f 
<IT*3t 3 KjjrTo IfeKM l JttWfi 1 <0 

ssw i <D>^em*^^«JtKCT i ofR^tjtKUT^u 

[0 0 9 2] Sfc. 1 KtttHM 1 fcHU*ft 

t% ^ea^iR^^ti^n i oowoMifc 0 c 
n&o)ttB«AjR7*att8 st, urns 5%xm&* 
«rr**H»c 200 o^^sbfco *-<o&ftjgfii 

i to^titisuT, i o om<Dy&8mjim=?<Dfti&<D 

[0 0 9 3] cnfc<03fcfi«rt*^fcO^T\ 



(10) 
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m&b\ mmj5&<Dm*$ & 20 00-4000 ao?sis 

(F-/S>h) *t»ftftbT^*cfc*M*K3tifco 

[0 0 9 5] <^ffi0O2>^Sfi«Il fc|^ffi(CH2(D«l«[ 
Btm^BfcffiffibT, S4l^fiilM^T^ 
jB«2f#F*ftj«bfco nUmin Hi. 315 Jo* 
t^T'X^^l/^- *-*H^bT£ifi80J 1 ISItiHSU 

SttffcU S i F 4 tfcfoZitZCtlC£*)¥mfcm* 

(til i 1 ^Jt^bfco * F AO)fefiSftS?0 i 
Wf i l**afr*H«c, v^o&x*;l,4^5:g4 
BKORd^fOl. 3«OS(ili:Of^T*6#^T^ 

[0096] <jt«W2>isa*»fWii lttmmtz 

S^i: n n 1 * *fHft3* bfc^jSUatt 

[0097] <mmmztitm§2t<Dim>ztit><D 
xtemjimTico^Tmmm 1 , tusn 1 tmmicLx 

1 £ bfc«*Hn?s 6 fc^To mmm 2 oytmntim? 

[0 0 9 8] Ctlf)0)^tt^OV>Tff 
0 0A*ftU BiPtSS**lRlcog$«3 0 0A"efeo 

fco 

[0 0 9 9] 2 6tC, cnP)CD^m^^iCOV>T^ 

[0 10 0] <HfflM3>|ySMHC^Tnfi¥W«: 
/In 1 *f-T*§l|{fc£^T*<D±fc: i 



1 SrifffiLfco ^OttttMBM 1 fcW«fcUTJlfiB«* 
St^fcJ&Sbfco 

[0101] <mtm3 ttmm 1 £<ottis>#iffi0ii3 

TW«Lfc. *O$£m*ltR0J 1 * 1 fc-TSEWfTC* 
8 ICtjVTo 

[0102] msmfrbmzfrixxsic. ns&m3<oyt 

[0 10 3] <^SB0»4>BI2^^*«Jg?B^Si^ 

»*bfe. sumo i ( i o/i ) «t«bfc 

ofc^f*#r*«/i^*i osfcfr^ii^ rx-y:/ 

^bT«JR?**tW**T??SHtft:Ufe. i 0B*§«BS 
IC % ^7^XO5 0%^)S i F^X^r 1 0m/ft<O 
#J^t? 1 ©fefc 9 1 ©BfiStabfco 

[o i o 43 <^fist?!i4 ttmm i t^itf$>^fis«?«4 
TUMffit/co *©«**JtiJHH i * i t-rzwtmvm 

l 1 tc^-To 

[0 1 0 5] Si Lfr&H&fr&J^IC* *88W4©)fc 

[0 10 6] jfe»W4 0^teB«** : Ffc:ov>T« : ?K« 
^tcT^rM^m^ Ufc ^ C 6. i 0Jfti3 00 0AcD/i 

[0 10 7] Sfc, IffiB«?nflkttOI««BF««lffiK 

u aox«@»f*»isbfco jtRffi i o^jga^iR^ 

lCOV>T. XISlsHff© (2 2 0) 
*SI6Biie*ft*bfc*:C5, »2 0 0Al?*9fc * 

T> X3Sl9l^fco (2 2 0) Vf-^0¥fi«*^¥^a 

[0 10 8] <MM5>H2lciRrin«lBriWeB« 
ffilLT, SI 2ICi^itmBjC^T3WiMfl(7 

S^»ft:(i:, # h A©3tjgI^^O n Sa*«M*JB n 1 
klfi*»*«l 1 kco^tc^fflbfco nSWMn 
l itMftK:, o— Ff-f >^-TS 2 (c^rftfr-px^ 
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Win l^sfts-e-fc. ^VHF^XTCVD 
ST* i I lMn m*W&m n 0 ±fc^^jt8} 

vrco i £»¥sif&g i i mmmat vhf ©&a;< 7- 
co 1 09] <Jt«e>i3>igfia0ii5i:©it«fflcDjtjefi 

IUV^tVHF/^-5ril 2lSfgffla<ST— 

mttz &&,mmmM 5 ti^tc L-cftjgm^sst?* 
coiio] <&mm5 tttmi3 t<oim>ctie,(D 

l i: Ufcffl»<lt?g 1 3 tc^-r. ussw 5 <D)^m*m 

bfco $fcllSgWJ5<D)^«^^{itkKfill3©^i: 

C0111] mmm5^itnm3 tmv$k?t 
x% 3^t*i?*fnfni 0 offl-^of^figbfc c 

tc 2 0 0 OMMUc, *0^3^«^#tt«-SiJ^L 

co 1 1 2] cne.o)tg«^^tcov>T, g^m? 
mmtx-mmttwrnvrctc^ mmms^msmtim 

z>&&ii\ mm?ifa(om-£tf2 0 0 o~5 0 ooAose 

CO 1 1 31 <^«5W6>n«*««:e^ie^Lfc^ 



a 1 



«rggStbf;Ci:Wir|.«^SS«?yi tUSCLT^lAfg 
CO 1 14] <Hfifi«l6i:Slfi6WlK It&M 1 t<»lt& 

^mmeoyeBmtim^-D^rmmm 1 tragic l 
1 4 tc^-r 0 *n«ieij©^«^^aitKwi 1 ©m? 
co 1 15] ^usts^jo^^m^Ko^T, mmm 

CO 1 1 6] «±<fct)n^#^fc iM*m&mttt 

co 1 17] mmm6<om2mtim?Rzfimmi<oft 
ismtimT-it&z 1 0 omfti&vr, urns 51c, sss 

9 5 % TfrOg JStgHfcl^H^T- AMI. 5 , 100m 
W/cm'O^lSiD&tff. 3 0 0 O^SStfibfc, 

[0 118] *ft, 5D5S0>J6(O^S^?i:ifc®ClJl 
CO 1 1 9] 

ran 







CW/cm 8 ) 


Asm 

mTorr 


A/s 


°c 


mm 

A 


SiH4 


H* 


PH,(2m) 


BF,(2*%) 


RF 


VHF 


nl 


2 


48 


0.5 




0.0382 




1300 




225 


200 


il 


25 


750 








0.15 


300 




300 


15500 


Pi 


0.025 


35 




1 


1.15 




2000 




165 


60 


n2 


2 


48 


0.5 




0.0382 




1300 




225 


100 


i2 


2 


48 






0.0382 




1150 




200 


3000 


P2 


0.025 


35 




1 


1.15 




2000 




155 


50 



V 

-1 



[0 12 0] 
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ft * 






n m 


m J / cm* 


Torr 


XeCl 


308 


500 


l.E - 05 



[0 12 1] 







BHflcfcEE 










itnm i 


1 


l 


i 


1 




HKSfl 1 


1.021 


1.001 


1.032 


1.055 


[0 12 21 






3 J m 


41 

















(W/cm*) 








mm 




SJH* 


S£F 4 


Ha 


PH,(2X&) 


BF,(2%&) 


RF 


VHF 


MW 


mTorr 


A/s 


X 


A 


nl 


2 




48 


03 




0.0382 






1300 


1 


225 


200 


11 




100 


350 










0.62 


250 


20 


250 


20000 


Pi 


0.025 




35 




1 


1.15 






2000 


1 


165 


50 


n2 


2 




48 


05 




0.0382 






1300 




225 


100 


12 


2 




48 






0.0382 






1150 


1 


200 


3500 


P2 


0.025 




35 




1 


1.15 






2000 


1 


165 


50 


2 3] 










& 5 


r^5i 













[0 12 4] 



[0 12 5] 





» ft 


m * 






n m 


mJ/cm 1 


Torr 


XeCl 


308 


600 


l.E - 05 



a 6 















1 


1 


1 


1 




1.032 


1.01 


1.022 


1.065 



a 7 



seem 


W/<an a 


Torr 




100 


0.1 


0.5 


300 



[0 1 2 6] 



[Ig8] 



[0 12 71 
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BHtt*EE 










l 


1 


i 


1 


^teW3 


1.03 


1.02 


1.02 


1.07 



S 9 







(W/cm») 


mTorr 


A/s 


°c 


mm 

A 


S1H4 


Ht 


PH,(2*&) 


BF»(2XHi) 


RF 


VHF 


i0 


25 


750 








0.12 


300 




250 


3000 


11 


25 


750 








0.12 


300 




350 


16000 


Pi 


0.025 


35 




1 


1.15 




2000 




165 


50 


n2 


2 


48 


0.5 




0.0382 




1300 




225 


100 


i2 


2 


48 






0.0382 




1150 




200 


3000 


P2 


0.025 


35 




1 


1.15 




2000 




165 


50 



[0 12 8] 



[0 12 9] 



10 



[^1 01 



l/cm a 


Torr 






l.E + 20 


'IE - 07 


300 


600 



s 11 

















litem 


1 


1 


1 


1 




31 as 014 


1.03 


1.01 


1.03 


1.07 


[0 13 01 








1 2] 









^ffigt (W/cm 8 ) 


mTorr 


mam 

A/s 


°c 


mm 

A 


SiH« 


GelL 


Hi 


PH,(2XEU) 


BF» (25ffla) 


RF 


VHF 


nl 


1 


1 


48 


0.5 




0.0382 




1300 




225 


200 


11 


12 


12 


800 








0.17 


200 




300 


10000 


Pi 


0.025 




35 




1 


1.16 




2000 




165 


50 


n2 


2 




48 


0.5 




0.0382 




1300 




225 


100 


i2 


2 




48 






0.0382 




1150 




200 


3000 


P2 


0.025 




35 




1 


1.15 




2000 




165 


50 
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[0 13 2] 













ifctss«a|3 


1 


1 


1 


i 


Hife^ 5 


1.012 


1.03 


1.03 


1.074 






Hi «Ctg EE 


S*«ft 


JgttH? ! 




it&m i 


1 


l 


1 


1 


mmm i 


1.021 


1.001 


1.032 


1.055 




1.032 


1.02 


1.04 


1.095 



[0 13 3] 

■Submit £hftT**Z>* 

[oi34] m-mta&mmc \ , n/ 1 ^<o¥« 

?oisasEE (vo c ) , js^itsj (jsc), &tm 
? (ff) ^(gT-rsct^i-rsci:*^^. $ 

[0 13 5] *^<»^ertK¥^S^*^fiS^nT 
[0 13 6] 5 Ctc, mS^fSrttc^tt&^tfJBriiS 

[o i 37] «sie a B B iartfc^{*^*^jig«n 

[0ffi©f85#fci«i8] 

[0 i ] *^o^»»^o-«T*a65)te«^sg^ 

[0 2] *^(D^S?»^<D-«i!ITS5^S^^? 

5 /ca6OliifiSlMJgfKg^<O-WI«:^-r^0 
[0 3 ] RStl@)!jn^<OB(SiB±^e.«8^ B B B ^«:^A^ 

[0 4] K^tgira®±tcT*;vvrx^^«iiKL, *o 



[0 5] Eltti*n^±{i:»ie B l 1 ^SIf*:SA^ii«Sb, 
[06] aa60¥#ft:3g?0«Sieil¥iS*Sfc*SSWO 

10 1 >y K 
1 0 2 

103 plSXtinSMNSftB 

10 4 i 

1 0 5 nSXUpS^ift® 

106 pSXCin £!¥«{*)■ 

107 i m*m#m 

1 0 8 n£!X{ipfi¥*tt*i 
1 0 9 SIJii/fflH 

1 1 0 mMm 

ill li 

1 1 2 tfbAKSttftiR? 

1 1 3 bVfWSMJim? 

2 0 1 n— Y=f-^^f^— 

2 0 2 WMS'U ^ > 1 a£PttfMMHMl?-ir 

2 03 5/ynVlifflfflR F^*>A- 

2 0 4 ni'Wv-fA l SMPWfWWiai 

20 5 7>D-Hft>'^- 

206. 207, 208, 209 ?— h'W? 

2 10, 2 19 ^XTCVDi 

2 11, 2 18 fc— 

2 1 2 n3i¥3?<*®it8lfflt--*- 

2 13 llJ^gptWSitffifflfc-*- 

2 1 4 pl«¥tSWgi§i«fflfc-*- 

2 1 5 n®*m#®mmmm.mm. 

2 16 1 8lffliit8iM 



(15) 
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2 1 7 P m*mw®mwmm®.m 

2 2 0 U— A> 

2 2 1 StS*;!/^- 

222 v-if-mMmm 

3oi, 401, 501 mtmtom 

3 0 2, 40 2, 502 ?SSS¥^{*:S<03 ^©^2 



303, 403, 503 m^tttfgffc-rsijij?*^ 
305, 405, 505 ffieSfffti©^©Sl 
.4 0 4 7t;i/7rx¥»ftl 

504 «&*sii¥3jwf 



[01] 



[02] 



n 


101 




| 102 




103 




104 




— log 




„ioa i 




-107 




. 106 




109 




.~-110 




Ill 



218 



i 



2tT! 212 313 214 20B 




[04] 



[03] 




t 




301 





1) 


1 


mm 


- 


i 






i -402 


J 
















— —406 






















401 





403 



[06] 




